Objectives The study evaluated the quality of compounded sachets and hard gelatine capsules and their feasibility in paediatric drug administration. Methods Commercial tablets were compounded to sachets and capsules in hospital environment, and the uniformity of content and simulated drug dose were determined. Key findings Compounded formulations were successfully obtained for a range of drug substances; dipyridamole, spironolactone, warfarin and sotalol formulations were within acceptable limits for uniformity of content, in most cases. However, some loss of drug was seen. The type and amount of excipients were found to affect uniformity of content; good conformity of capsules was obtained using lactose monohydrate as filler, whereas microcrystalline cellulose was a better choice in sachets. In capsules, content uniformity was obtained for a range of drug doses. If the drug is aimed to be administered through a nasogastric tube, solubility of the drug and excipients should be considered, as they were found to affect the simulated drug dose in administration. Conclusions Compounded sachets and capsules fulfilled the quality requirements in most cases. In compounding, the choice of excipients should be considered as they can affect conformity of the dosage form or its usability in practice. Quality assurance of compounded formulations should be taken into consideration in hospital pharmacies.
Introduction
The lack of age-appropriate formulations for paediatric medications is faced in everyday work in hospitals. Also, off-label use of medicines is common. [1, 2] In medication, extemporaneous preparations have to be used, although these have certain risks such as dosing inaccuracy or errors, excipient toxicity or modified bioavailability. [3] Dosage forms and formulations are needed for paediatric use. In dosage forms, critical issues are dosing flexibility, accuracy and their practical handling. It has been evaluated that these issues concern even a quarter of existing dosage forms. [3] Improvement needs concern even half of the marketed drug products when the ease of intake and palatability of the dosage form are taken into account. In improving the pharmaceutical quality of paediatric medicines, the priority is on the youngest age groups, neonates and infants.
Fortunately, an increased trend in the marketing authorization procedures has been seen recently. [4] Thus far, the need for compounding commercial products to paediatric dosage forms prevails in hospitals. The choice of dosage form type varies in different European countries. [5] Liquid preparations are predominant in England and Sweden, capsules in France and powders in Finland. Also other manipulations, such as tablet splitting into segments or opening capsules, are often necessary in paediatric medications, [6] but risk for dose inaccuracy and chanced bioavailability is apparent in these manipulations. [7] [8] [9] Facilities, time and expertise in hospital pharmacies limit the choice of what kind of compounded dosage forms are usually prepared. [5] The practice in manufacture varies in the hospitals throughout Europe, and there is little harmonization of formulations. Many formulations are developed in-house, based on the literature available (if any). The quality of the formulations is usually evaluated indirectly, based on the batch records of procedures and ingredients. Often limited facilities are available for quality assurance, such as analytical equipment for evaluations of uniformity of content or stability of the drug.
In Finland, compounding to solid dosage forms is common in hospital pharmacies; a commercial tablet is crushed and diluted with an appropriate filler and redistributed in smaller strength sachets (powder paper) or capsules to obtain appropriately sized dosage units for paediatric medication. [10] In practice, compounding to solid dosage forms has been considered feasible because solids are suitable for drug substances that are unstable in aqueous environment and thus cannot be compounded to suspensions or solutions. [11] In general, solid dosage forms are expected to have better stability of the drug, although only few results of stability studies have been published for compounded capsules. [12, 13] Additionally, solid dosage forms may be preferable because less excipients are needed. [14] This is important because many common excipients exhibit potential risk for toxicity in paediatric patients. [15] However, little published information exists on compounded oral solid dosage forms, sachets and capsules. The information is in-house knowledge and may be limited due to the lack of analytical facilities in hospital pharmacies. A Finnish research group has studied compounded sachets and hard gelatine capsules of one drug, nifedipine. [10, 16, 17] They concluded that the optimum powder mass in sachets should be 300 mg or more, in smaller powders drug loss during manufacture increase the risk for non-conformity and low drug recovery. On the other hand, it was possible to prepare small capsules (size numbers 3 and 4), which complied the standards for uniformity of content. A French study evaluated the effect of the amount of the active ingredient on conformity of capsules, concluding that small amounts of drug increase the risk for non-conformity. [18] Extemporaneous formulations that meet the quality standards could be compounded in these studies, but not all the formulations were such. It is evident that more information is needed, on more drug substances as well as on formulations containing different kinds of excipients. Although compounded formulations should be avoided, they still need to be used in hospitals. Thus, all the work towards compounded products which would be safe in use is extremely important.
In this study, the real-life compounding of solid dosage forms in hospital pharmacy was mimicked, using the procedures and facilities available. The quality of sachets and hard gelatine capsules was evaluated, by determining their content uniformity as described in the European Pharmacopoeia. Furthermore, the usability of the compounded solid dosage forms in paediatric drug administration was evaluated by mimicking the real administration procedure in hospitals (drug administration via nasogastric tube). In practice, the dosage form is opened before administration and the contents are administered with fluid or food. [5] In the younger patients, the contents are suspended in water and administered through a nasogastric tube. Administration has been found challenging due to occasional blockage of the tube. [19, 20] This study evaluated whether the formulation could explain difficulties in administration.
Commercial tablets were compounded to sachets and capsules with different drugs and excipients in formulations. Drug substances were chosen based on their prevalence as commonly modified products in Finnish hospital pharmacies: dipyridamole, spironolactone, warfarin and sotalol. Additionally, warfarin and spironolactone were chosen based on their status as drugs included on the WHO Model List of Essential Medicines for Children. [21] Although these drug substances are widely used in paediatric medication, no published information on the quality of compounded sachets or capsules is available. The risk for non-conformity was expected to be most evident with small-dose drugs. [18] Thus, the effect of drug amount was studied with spironolactone and warfarin, which have the lowest therapeutic dose (of the four drugs). Sachets and capsules of different sizes were prepared, by varying the amount of filler in the formulation. Microcrystalline cellulose and lactose monohydrate were chosen because they are both widely used as excipients in paediatric medicines. Different grades of excipients were evaluated: microcrystalline cellulose, silicified microcrystalline cellulose and two grades of lactose monohydrate. These were chosen on the basis of their particle size and flow properties, which are expected to be important variables in preparation of the sachets and in the filling procedure of capsules which is standardized by volume. [10] The effect of excipient grade was evaluated in more detail with sachets of the smallest weight. As the sachets are filled with weight, small weight sachets are expected to be most sensitive to dose non-conformity.
Materials and Methods

Materials in compounding
Commercial tablets were compounded to sachets and hard gelatine capsules. Drug substances in these were dipyridamole (Dipyrin 75 mg, Ratiopharm; Merckle, Blaubeuren, Germany), spironolactone (Spirix 25 mg; Takeda Pharma, Hobro, Denmark), warfarin as a sodium salt (Marevan forte 5 mg; Orion Pharma, Espoo, Finland) and sotalol as a hydrochloride salt (Sotalol Mylan 80 mg, Mylan; Gerard Laboratories, Dublin, Ireland).
Microcrystalline cellulose (MCC; Avicel PH-102; FMC Biopolymer, Cork, Ireland), silicified microcrystalline cellulose (SMCC; Prosolv 50; Penwest Pharmaceuticals Co, Patterson, New York State, USA) and two grades of lactose monohydrate (Pharmatose, 200M and 80 M; DMV International, Veghel, the Netherlands) were used as fillers in formulations. Lactose monohydrate is freely but slowly soluble in water (1 in 5.24), whereas the celluloses are practically insoluble in water. [22] In the MCC, the average particle size was 100 lm and the values for bulk density and tapped density were 0.32 and 0.48 g/cm 3 , respectively. In the SMCC, the corresponding values were 60 lm, 0.31 and 0.39 g/cm 3 . In Pharmatose 200 M, the particle size was <250 lm (fine particle fraction 60% <45 lm) and values for bulk and tapped densities were 0.55 and 0.85 g/cm 3 , respectively. In Pharmatose 80 M, the particle size was <355 lm (fine particle fraction 10% <100 lm), and the respective values for bulk and tapped densities were 0.76 and 0.91 g/cm 3 .
Compounding to sachets and hard capsules
Preparation of the sachets and hard capsules was made according to the standard protocol for extemporaneous compounding of dosage forms in hospital pharmacy, using the equipment and facilities available (Helsinki University Hospital, Finland, P€ aij€ at-H€ ame Central Hospital, Finland). Manufacturing procedures are the same in these units, but the choice of excipients in formulations differs slightly (lactose is preferred in the first unit, whereas MCC in the second). The commercial tablets were crushed manually and carefully ground into a fine powder, with a pestle in a non-porous mortar. The pestle was held firmly and downward pressure was exerted with it while the pestle was moved in concentric circles. Geometric amounts of filler were added to achieve a final drug concentration in formulation. Sachets were prepared to total weight of 200 mg (dipyridamole), 300 mg (sotalol) or 500 mg (spironolactone or warfarin). The theoretical amount of each drug was 5 mg (dipyridamole), 4 mg (sotalol), 0.5 mg (spironolactone) and 0.1 mg (warfarin). Each powder was weighed individually using an analytical balance (precision AE0.05 mg) and transferred into waxed powder papers (Ulvila Paper Mill, Finland). One batch of each formulation was prepared for the production of 100 sachets.
In preparation of the capsules, the amount of filler needed to fill the capsule was calculated and geometric amounts of filler were added to ground tablet mass to achieve the final volume of capsules. Hard gelatine capsule number 0 (volume 0.68 ml) was used for spironolactone and warfarin formulations, and capsule number 1 (volume 0.5 ml) was used for sotalol formulation. The theoretical amount of the drug in capsules was the same as in the sachets. Additionally, capsules containing higher amounts of drug were prepared for spironolactone and warfarin. Drug doses were 4 mg for sotalol, 0.5, 3 and 6 mg for spironolactone and 0.1, 0.2 and 2 mg for warfarin. Capsules were filled with the Feton Fastlock capsule filling machine (Feton International, Brussels, Belgium). Parallel batches were prepared for the production of 100 hard capsules. Because the capsules are filled with volume, variation in the powder mass and thus variation in the filling procedure may result in batch to batch variability.
As a comparison with the semi-automated procedure (Feton) which is commonly used in Finnish hospitals, capsules were prepared with an automated procedure. These capsules were manufactured by Mettler Toledo Gmbh (Greifensee, Switzerland), using an automated Quantos capsule filling device (QH012-LNM; Mettler Toledo AG, Urdorf, Switzerland). The powder mass was prepared in hospital pharmacy, as described previously, and the obtained drug powder was sent to Mettler Toledo for capsulation. The reference capsules contained the lowest amount of drug: spironolactone (0.5 mg) or warfarin (0.1 mg).
Drug analysis by high-performance liquid chromatography
Drug concentrations were determined by means of high-performance liquid chromatography (HPLC). Previously described methods with slight modifications were used in analysis (dipyridamole [23] ; spironolactone [24] ; warfarin sodium [25] ; sotalol hydrochloride [26] ). Samples containing sotalol hydrochloride were analysed in the Department of Environmental Sciences, and all the other drugs were analysed in the Division of Pharmaceutical Chemistry and Technology.
The HPLC system (Shimadzu Corporation, Kyoto, Japan, for sotalol hydrochloride; Thermo Separation Products TSP, Waltam, Massachusetts, USA, for the other drugs) consisted of degasser (Shimadzu DGU-20 A5; TSP Spectra System SCM 1000 vacuum membrane degasser), a pump (Shimadzu LC-20AT; TSP Spectra System P4000), autosampler (Shimadzu SIL-20-A; TSP Spectra System SA 3000), a UV-VIS detector (Shimadzu SPD-20A; TSP Spectra System UV 6000 LP) and a computerized data analysis system (Shimadzu Corporation LabSolutions 5.57 SP1, Kyoto, Japan; CromQuest 4.2.32; Thermo Scientific, Waltam, Massachusetts, USA).
Sample separation was carried out in a reverse phase C-18 column (Synergi Hydro-RP 4.6 mm 9 25 cm; 4 lm, USA for sotalol hydrochloride; Supelco Discovery 4.66 mm 9 15 cm; 5 lm, USA for the other drugs). Retention times varied from 4.3 to 4.7 min for the analytes.
The mobile phase consisted of methanol and phosphate buffer pH 4.6 (in a ratio of 75 : 25) for dipyridamole. For spironolactone, the mobile phase was methanol and HPLC grade water (65 : 35). For warfarin sodium, the mobile phase consisted of acetonitrile and HPLC grade water with 0.05% of trifluoroacetic acid (55 : 45). For sotalol hydrochloride, the mobile phase was acetonitrile and phosphate buffer pH 4.6 (75 : 25). The flow rate of the mobile phase was 1.0 ml/min.
Uniformity of content
Content uniformities of dosage units (commercial tablets and compounded solid formulations thereof) were determined by method established in the European Pharmacopoeia. The dosage unit complied the test if not more than one of 10 individual contents was beyond AE15% of the average content and if none were beyond AE25% of the average content. If two or three individual contents deviated more than AE15% (but less than AE25%), the individual contents of another 20 dosage units were determined. The drug concentrations were analysed in triplicate by HPLC.
Statistical analysis
Statistical analysis was carried out in SPSS (IBM SPSS Statistics, Ver. 23, Armonk, New York State, USA) using nonparametric Kruskal-Wallis analysis of variance. Individual differences were identified using Dunnet's two-tailed t-test as a post hoc test. The value P < 0.05 was considered as statistically significant.
Simulation of drug administration
Dosage form administration to paediatric patients in hospitals was simulated mimicking the administration procedure through a nasogastric tube (Helsinki University Hospital, Finland, P€ aij€ at-H€ ame Central Hospital, Finland). Individual contents of the dosage forms were emptied to a medicine cup and suspended to HPLC grade water. The volume of water varied depending on the procedure that they use in the hospital; 1.5 ml of water was used for suspending the contents of size 1 hard gelatine capsules, and for suspending the contents of size 0 hard gelatine capsules or sachets the volume was 3 ml. The suspension was thoroughly stirred with the tip of an oral syringe (volume 5 ml) after which the formed suspension was withdrawn into the syringe for drug administration. Nasogastric tube (Nutrisafe 2, size 06 French/50 cm, internal diameter 1.2 mm, external diameter 2 mm; VYGON, Ecouen, France) was first rinsed with 2 ml of water, after which the drug suspension was administered through the tube. Finally, the tube was rinsed with 2 ml of water. All contents were led to a volumetric flask, and after diluting the sample to a known volume, the amount of drug was analysed by HPLC. The simulated drug dose passed through the nasogastric tube was expressed as percentage of the average amount of the drug in formulation. The procedure was repeated in triplicate for each formulation.
Results
Content uniformity of commercial tablets
All commercial tablets complied the test for uniformity of content, as expected. The average contents of drug in tablets were 77.6 AE 3.5 mg (SD) for dipyridamole (103.5% of the theoretical drug amount, which was labelled to be 75 mg), 24.2 AE 0.3 mg for spironolactone (98% of the labelled amount 25 mg), 4.96 AE 0.08 mg for warfarin (99.2% of the labelled amount 5 mg) and 72.1 AE 1.4 mg for sotalol (90.1% of the labelled amount 80 mg).
Content uniformity of compounded sachets
The content uniformity of sachets, compounded with different fillers as excipients, complied the test for uniformity of content for most formulations (Table 1) . However, if lactose of smaller particle size (<250 lm) or microcrystalline cellulose was used as fillers, the formulation failed to comply with the test. In case of MCC formulations, two individual contents were outside the limits 85-115% of the average content, and one was outside the limit of 75-125%, in which case the deviation was 26.3% of the average content. For lactose formulation (particle-size grade <250 lm), one content was outside the limit of 75-125% (measured value -30.7%). The average drug content in formulations containing the different excipients (MCC, SMCC or lactose, two grades) was found statistically significantly different (P < 0.05) ( Table 1) .
Although most of the formulations complied the test for uniformity of content, the mean drug content in compounded sachets was in most cases less than the theoretical drug content (Table 1) . The difference was statistically significant (P < 0.05) for most of the formulations (5/7). The adsorption of the drug in powder paper seemed one possible explanation for the loss of active ingredient, as visualized in Figure 1 for the yellowish drug dipyridamole. At highest, 16% (0.8 mg; SD AE 0.13 mg; n = 5) of the labelled dose of dipyridamole was recovered from the sachet paper (formulation containing lactose particle-size grade <355 lm). In analysis, the paper was rinsed with water and the drug was analysed by HPLC. The drug loss was smallest when SMCC was used as filler in sachets, 3.8% (0.2 mg; SD AE 0.02 mg; n = 5) of the labelled dose of dipyridamole was recovered from the sachet paper. The rest of the missing dose was assumed to be on the manufacturing tools.
Content uniformity of compounded capsules
The content uniformity of hard capsules compounded using lactose as filler complied the test for uniformity of content (Table 2 ). Content uniformity of hard capsules of spironolactone and warfarin was studied at three different dose levels. The largest single-capsule deviation from the mean content was 21% for capsules that contained the lowest amount of spironolactone (0.5 mg). The measured mean drug content in the batch was 0.42 mg which was lower (P < 0.05) than the theoretical amount of drug (84.4% of the labelled dose). Also for warfarin, the highest single-capsule deviation (À8.2%) was observed with a batch of capsules which contained the lowest amount of drug (0.1 mg). In the batch, the measured mean drug content was 90% of the theoretical amount of drug, although the effect was not statistically significant in this batch.
If microcrystalline cellulose was used as a filler in hard capsules (drug sotalol), one batch of three did not comply the test for uniformity of content ( Table 2 ). The highest single-capsule deviation was 25.2% which was slightly above the upper acceptation limit. In all batches, the measured mean drug content was lower compared to the theoretical amount of the drug (4 mg). The average amount of drug varied from 3.7 mg (SD AE 0.09 mg, P < 0.05) to 3.72 mg (SD AE 0.39 mg, P < 0.05), which corresponded 92.5-93.0% of the theoretical amount of the drug.
In most cases, no statistically significant effects were found in relation to batch to batch variation. Only two batches of 15 parallel batches differed significantly (P < 0.05) in the average drug content (Table 2) .
Capsules were also prepared with an automated Quantos capsule filling device, as a comparison with the conventional method (Feton). The batches prepared using Quantos complied with the content uniformity test specified in the European pharmacopoeia, as expected. Segregation of powder components during the filling process was not observed (Figure 2 ). The filling method had no effect on the quality of the capsules, and no statistically significant differences were found in the average drug content if capsules filled with Quantos were compared to capsules filled with the conventional method. The largest single-capsule deviation from the mean content was 10% (spironolactone Figure 1 Visualization of the adsorption of the yellowish drug dipyridamole on the sachet paper. Formulations (powder mass 200 mg) were dispensed in sachets, similarly as in preparation of the compounded solid dosage forms and emptied for analysis. Formulations contained the different excipients (order of emptied sachet papers from front to back); silicified microcrystalline cellulose (SMCC), lactose monohydrate (particle size <250 lm), microcrystalline cellulose (MCC) and lactose monohydrate (particle size <355 lm). [Colour figure can be viewed at wileyonlinelibrary.com] 10.24%; warfarin 10.20%; filler lactose). The average amount of drug in capsules was 0.41 mg (SD AE 0.017 mg) for spironolactone and 0.093 mg (SD AE 0.0038 mg) for warfarin, which corresponded 82.0% and 93.0% of the theoretical amount of the drug (0.5 and 0.1 mg for spironolactone and warfarin, respectively). The difference in drug amount was statistically significant (P < 0.05) for spironolactone (no statistical effects were found for warfarin).
Simulation of drug administration through a nasogastric tube
The loss of drug was evident when suspended formulations were lead through a nasogastric tube, mimicking the procedure used in hospitals in administering the drug to the paediatric patient. The lowest simulated drug doses were obtained with sachets that contained celluloses (MCC or SMCC) as fillers, compared to formulations that contained lactose. In these, the amount of dipyridamole passed through the nasogastric tube (n = 3) varied from 46.5% (SMCC) and 62.0% (MCC) to 77.5% (lactose <355 lm) and 86.1% (lactose <250 lm) of the average drug content.
In compounded hard gelatine capsules, the drug loss was smaller than 12% of the average drug content in all cases. For size 0 hard gelatine capsules, the drug dose passed through the nasogastric tube (n = 3) was 88.1% for spironolactone and 96.4% for warfarin (as sodium salt), calculated of the average drug content in the capsules. The filler in these capsules was lactose (particle-size grade <355 lm). For size 1 hard gelatine capsules, 90.3% (n = 10, P < 0.05) of the drug dose passed through the tube (drug sotalol hydrochloride, filler MCC).
Blockage of the nasogastric tube during drug administration was occasional, in most cases with no clear correlation to the type of the formulation. However, some tendency towards more frequent blockage was observed with formulation in which there was a combination of the slightly soluble drug dipyridamole and the practically insoluble, but swellable excipients MCC or SMCC.
Discussion
Finnish studies have presented extemporaneously compounded oral powders and capsules as a feasible choice for delivering paediatric medications (nifedipine) in hospital environment. [10, 16, 17] The results of the present study demonstrate that, when needed, compounded solid dosage forms can successfully be obtained also for a range of other drug substances which are commonly used in paediatric medication in Finnish hospitals; in most cases, formulations of dipyridamole, spironolactone, warfarin and sotalol were found to be within acceptable limits for content statistically significantly different (P < 0.05) when the batch is compared to parallel batches. When capsules were compared to sachets containing the same drug substance, at the same dose (Table 1) , no statistically significant effects were detected (N.S.).
uniformity, as described in the European Pharmacopoeia. In statistical analysis, no significant differences existed in average drug content when sachets were compared to capsules, indicating that both dosage forms are as good as a choice. However, the actual drug content in both dosage form types, sachets and hard gelatine capsules was generally smaller than the theoretical amount of the drug. In 19 batches of 24, the difference was statistically significant (P < 0.05).
The findings on lower drug contents compared to the theoretical drug amount could partly be explained by the fact that the commercial tablets, which were used as a source of the active drug substance, may have contained less drug than labelled. Although the amount of drug was on an acceptable level in all products, the commercial tablets are allowed to have this kind of specific variation in drug content. Additionally, the drug adsorption on the surface of the dispenser or the loss of drug during the preparation process is possible explanations for low drug recovery. [10, 16] The drug loss has been found to be more marked with small size oral powders (mass 50 mg or 100 mg) dispensed in sachets, in which the drug recovery Figure 2 Drug content of capsules prepared using the automated Quantos (Mettler Toledo) capsule filling device: upper panel spironolactone (theoretical drug amount 0.5 mg, n = 30), lower panel warfarin (theoretical drug amount 0.1 mg, n = 20). The batches complied with the content uniformity test, as specified in the European pharmacopoeia. The acceptance AE15% limits were 0.340-0.472 and 0.079-0.107 mg for spironolactone and warfarin, respectively. For spironolactone, the drug amount was found significantly different (P < 0.05) from the labelled amount. No statistical effects were found for warfarin (N.S.).
was only 62-77% of the theoretical value. A total of 75% of the missing drug dose was found on the sachet paper. [16] In compounded capsules (capsule shells size 1, 3 or 4), the drug recovery was satisfactory, which apparently related to the smaller surface area of the dispenser, capsule shell compared to sachet paper. [10] In our study, the dosage units were in general larger (mass in the sachets varied from 200 to 500 mg, and the capsule shell size from 1 to 0) than in the previous study, and thus, not so marked drug loss was expected. However, the phenomenon of drug adsorption on the surface of the sachet paper was easily visualized with the yellowish drug dipyridamole. In analysis, at highest 16% of the theoretical dose was found on the sachet paper (formulation containing lactose as filler). The risk of drug loss should be kept in mind in sachet formulations, especially if small sachets are prepared. Also, further studies would be beneficial in evaluations on whether other sachet materials than waxed powder paper could result in smaller drug loss, such as plastic laminates or foil.
Although sachets and hard gelatine capsules were successfully compounded from commercial tablets in most cases, our results emphasize that the type and amount of excipients in the formulation should be considered as they can affect conformity of the dosage form. In statistical analysis, the effect of excipient was found significant in all cases, and formulations which contained the different excipients (MCC, SMCC and lactose, two grades) differed in average drug content. If the quality of the formulations was evaluated as described in the European Pharmacopoeia, in total of three batches (of 24 batches) failed to pass the test for content of uniformity; two of these were compounded as sachets (weight 200 mg) and one was a batch of hard gelatine capsules (capsule size 1). The sachets are filled by weight, and therefore, inaccuracy of weighing procedures of the small amounts may be a challenge. [10] Consistently in our study, the non-conformity in sachets was observed in the smallest sachet mass. Drug adsorption on the surface of the sachet paper or the equipment during preparation seemed possible explanations for non-conformity, as discussed earlier for sachets containing lactose (drug dipyridamole). It has been proposed that use of microcrystalline cellulose as filler could yield in better conformity in sachets. [10] The smaller density of MCC results in larger volume of powder, which may protect against the drug adsorption to the sachet paper. Our results emphasize that in addition to density, also other powder characteristics may be important. The best drug recovery and less variation in uniformity of content of dipyridamole were obtained with silicified MCC, in which case not only the small density of the filler but also the surface properties of the excipient, such as hydrophobicity, may explain the results.
Whereas the sachets are filled by weight, capsules are filled with volume. Thus, in preparation of capsules, good flow properties of the filler are expected to result in better conformity. [10] In general, higher density grades of fillers have improved flow properties. [27] In addition, the amount of drug is known as a critical variable in compounded capsule formulations, and small amounts of drug increase the risk for non-conformity. [18] In the present study, all 14 batches of capsules which contained lactose as filler complied the test for uniformity of content. On the other hand, in MCC capsules, one batch of capsules of three failed the test. The good conformity of lactose capsules may be explained by the high bulk and tapped densities of lactose, which could result in uniform filling of capsule shells during the manufacturing process. It was noteworthy that content uniformity (as described in the European Pharmacopoeia) was obtained for a range of drug doses (from 0.1 to 2 mg for warfarin and from 0.5 to 6 mg for spironolactone), including the small doses of the drug. In most cases, no statistically significant effects were found in relation to batch to batch variation. This indicates that compounding of such formulations is rather reproducible. However, it should be noted that the measured drug content in the batches was predominantly significantly lower than the theoretical amount of the drug, although the batches met the pharmacopeial requirements. Discrepancy between the results could be explained by the fact that the limits of acceptance are calculated of the average drug content of the batch (instead of labelled drug amount).
The last part of the study evaluated the practical usability of compounded sachets and capsules. Both sachets and capsules, whose contents are emptied for use, seem feasible choice from quality perspective (uniformity of content) and are a practical choice for manufacture in hospital pharmacies. In comparison with sachets, manufacture of capsules is faster as serial production can be utilized. This increases the usability of compounded capsules even further. Capsules filled with the Feton Fastlock filling machine were as good in quality as the reference capsules which had been filled using the automated Quantos capsule filling device. Despite of these favourable properties, there might be some concerns in practical use of compounded sachets and capsules. Including the capsules prepared with the Quantos capsule filling device, the risk of drug loss in manufacture and consequent possibility to under dosing should be considered. In addition, administration of these kinds of solid dosage forms (suspended in fluid) through the nasogastric tube has been found challenging. [19, 20] The volume of water (or other fluid such as milk) in which the solid powder is suspended should be rather small as the daily intake of fluids in the neonates is limited. The small volume of fluid increases, however, the risk of blockage of the nasogastric tube. In our study, the administration through a nasogastric tube resulted in loss of drug. The lowest simulated drug doses were obtained with sachets which contained the slightly soluble (but swellable) excipient, microcrystalline cellulose, compared to formulations which contained the more readily soluble lactose. Similarly, the amount passed through the tube was slightly less for the insoluble drug spironolactone than for the readily soluble warfarin sodium. Such drug loss in administration, together with the fact that the actual dose of drug was in most formulations less than the theoretical dose, increases the risk for under dosing in practice, especially for the drugs of narrow therapeutic index (such as warfarin in the present study).
The results emphasize that in compounded sachets and capsules (if the dose is aimed to be administered through a nasogastric tube) solubility of the drug and excipients should be considered. The amount of solid contents should also be as small as possible as the amount of liquid used for suspending cannot be increased due to physiological reasons. This is supported by findings for size 1 capsules, in which the drug administration through nasogastric tube resulted in high simulated drug dose, even though the formulation contained the slightly soluble excipient MCC. Also from the therapeutic point of view, smaller amount of excipients would be preferable as the safety of many excipients in the very young patients is not known. [15] In practice, this means preference for compounding sachets of small weight and capsules of small size. The risk of drug loss should, however, be kept in mind.
It is evident that more studies are needed in evaluations on how the formulation and excipients, or their administration procedure to the patient affect bioavailability of extemporaneous formulations. Also, in-vitro studies predicting biological properties of the developed formulations are needed, such as dissolution studies. Unfortunately, the lack of facilities (analytical facilities, dissolution apparatus etc.) in hospital pharmacies has limited conductance of these studies.
Conclusions
Our results indicate that compounded formulations, which meet the quality requirements for uniformity of content as described in the European Pharmacopoeia, can successfully be obtained for a range of drug substances. The results emphasize, however, that the type and amount of excipients in the formulation should be considered. Good conformity of capsules was obtained using lactose monohydrate as filler, whereas microcrystalline cellulose seemed a better choice in sachets. In lactose capsules content uniformity could be obtained for a range of drug doses, including the very small doses. If the drug is aimed to be administered through a nasogastric tube, solubility of the drug and excipients should be considered, as they were found to affect the simulated drug dose in administration. The risk of drug loss should be considered in manufacture and administration. It is noteworthy that even though the formulations met quality requirements for uniformity of content, in most cases the measured drug content was statistically significantly lower than the theoretical amount of the drug.
Both sachets and capsules could be a practical choice as solid dosage forms to be prepared in hospital pharmacies. Capsules are faster to manufacture, which increases their value even more compared to sachets. It is obvious, however, that validation of manufacturing procedures and quality assurance systems are important in hospital pharmacies, as the conformity is affected by the formulation. In compounding, the risk of drug loss should be kept in mind and analytical methods would be needed to determine the drug amount in quality analysis, or the influence of procedures (crushing the tables) on drug. Additionally, compatibility and stability studies are needed if compounded formulations are manufactured for storage, in addition to extemporaneous preparation. Dissolution studies would be needed to predict the biological properties of the developed formulations.
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